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Abstract 

Objective: Multiple psychosocial factors appear to affect cancer progression in various populations; however, research 
investigating the relationship between psychosocial factors and outcomes following hematopoietic stem cell 
transplantation (HCT) is scarce. Subject to adverse immunological and psychological conditions, HCT patients may be 
especially vulnerable to psychosomatic health sequelae; therefore, we studied whether optimism and anxiety influence the 
pertinent clinical outcome of days to neutrophil engraftment (DTE). 

Method: 54 adults undergoing either autologous or allogeneic HCT completed self-report questionnaires measuring 
optimism and anxiety. We assessed the association between these psychosocial variables and DTE. 

Results: Greater optimism and less anxiety were associated with the favorable outcome of fewer DTE in autologous HCT 
recipients, though this relationship was no longer significant when reducing the sample size to only subjects who filled out 
their baseline survey by the time of engraftment. 

Conclusion: Our findings are suggestive that optimism and anxiety may be associated with time to neutrophil recovery in 
autologous, but not allogeneic, adult HCT recipients. Further investigation in larger, more homogeneous subjects with 
consistent baseline sampling is warranted. 
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introduction 

Psychosocial factors afTect cancer progression in multiple 
populations [1-3]. However, research investigating these relation- 
ships following hematopoietic stem cell transplantation (HCT) is 
scarce, with few studies investigating the differential effect of 
emotions on outcomes and immune recovery [4—9]. The number 
of transplants continues to increase, with 8,000 allogeneic and 
II, 000 autologous HCTs performed in the United States in 201 1 
[10]. Their use, safety, efficacy, and availability for hematologic 
malignancies and disorders have greatly expanded, making it 
important to identify positive and negative prognostic factors and 
immunologic mechanisms in this population. 



HCTs are associated with unique immunological and psycho- 
logical conditions. Patients receiving transplants are more immu- 
nosuppressed than other cancer patients secondary to ablation of 
their native marrow. Furthermore, the clinical course of HCT may 
be more distressing than other cancer treatments, with potentially 
prolonged periods of physical and emotional isolation depending 
on the type of transplant, institutional practice, and potential 
complications [9]. There is generally a significant decline in 
quality of life in the immediate post-transplant period [11]. 

Positive psychosocial variables such as optimism predict not 
only emotional, but also physical well-being after HCT, including 
survival [6,12]. The psychoneuroimmune mechanisms mediating 
these associations are unknown. Negative pre -transplant emotions. 
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including depression and anxiety, liave been associated witli worse 
post-transplant outcomes and survival [4,5,7,13]; however, other 
studies have not confirmed this association [14,15]. 

Neutropenia is a major contributor to morbidity following 
transplant [16]; the longer the period of neutropenia, the greater 
the potential for infectious complications [17]. Conversely, 
survival is improved with earlier neutrophil engraftment [18]. 
Days to neutrophil engraftment (DTE) may, therefore, contribute 
to differences in mortality among HCT patients with differing pre- 
transplant psychological profiles. Recently, anxiety and depression 
were observed to be associated with slower immune recovery as 
measured by white blood cell (WBC) count following autologous 
transplant [7]. This relationship has never been examined in 
allogeneic recipients. 

We investigated the association of optimism and anxiety with 
time to neutrophil recovery in a population of adult HCT 
recipients undergoing either autologous or allogeneic transplant. 
We hypothesized that greater optimism and less anxiety around 
the time of transplant would be associated with less time to 
neutrophil recovery. 

Methods 

Participants 

Patients entered the study between Day —20 and Day +3, with 
Day 0 being the day of stem cell transplant. The goal was to enroll 
participants as close to Day —8 as possible, but preferably at least 
prior to transplant. Most commonly, enrollment occurred at the 
last pre-transplant outpatient visit prior to transplant. Reasons for 
variation in enrollment time included lack of access to the patient 
at their pre-transplant visit due to patient, provider, or study staff 
conflicts or overlap. If a patient was unable to be approached at a 
pre-transplant visit, they were approached as soon as possible 
following hospital admission for transplant. On occasion this 
resulted in enrolling participants after their transplant if admission 
occurred on a Friday and the conditioning period was short, as 
occurs with multiple myeloma (conditioning with high dose 
melphalan on Day — 1). One hundred and twenty-two patients 
were approached by a member of the research team for study 
participation; 64 (52%) agreed to participate and 54 provided 
complete psychosocial data. Any patient admitted to the Bone 
Marrow Transplant Program at the University of Rochester 
Medical Center for transplantation of any type, age &18 years of 
age or older and able to give informed consent and complete the 
study questionnaires was eligible to participate. There were no 
medical condition exclusions. Factors noted to affect neutrophil 
recovery rates including age, race, gender, conditioning regimen 
(myeloablative/ non-myeloablative), stem cell source (bone marrow 
or peripheral blood), and number of CD34''" cells infused/kg of 
recipient body weight were controlled for. Allogeneic and 
autologous transplants were evaluated separately. All participants 
received homogeneous granulocyte colony stimulating factor 
(GCSF); therefore, it was not necessary to include GCSF as a 
covariate. Due to the small number of minorities, race was 
dichotomized as Caucasian or non-Caucasian. 

Psychological Measures 

Upon obtaining written informed consent (as close to Day — 8 as 
possible), a member of the research team provided participants 
with the self-administered surveys and was available as long as 
necessary to answer any questions and ensure participants 
understood how to complete them. Participants were asked to 
complete the surveys independently to avoid any possible influence 
from the research staff. They were also asked to complete them as 



soon as possible to be picked up the following day by a research 
team member. There was variation in the time of survey 
completion, ranging from Day —20 to Day +32. Fifty-seven 
percent of subjects completed the surveys prior to transplant, 82% 
by Day +3, and 85% by Day +14.These variations were due to 
either or both a) variation in time of study enrollment or b) a delay 
in participants filling out the survey on their own and returning it. 
Reasons for delays in enrollment are noted as above. The 
psychological parameters assessed were: 

Optimism. The Life Orientation Test (LOT) assesses indi- 
vidual differences in generalized optimism versus pessimism. The 
10-item revised version (LOT-R) [19] focuses explicitly on 
expectations for the future (scored 0-24). 

Anxiety. The 20-item State-Trait Anxiety Inventory, Trait 
Version (STAI-T) [20] was assessed in this study (scored 20-80). 
Only the trait component of the STAI was evaluated as we were 
most interested in the effects of anxiety as a stable personality trait. 
This measure was also chosen due to the more consistent 
relationship between trait anxiety and changes in immune function 
[21-24] rather than the more ambiguous relationship between 
state anxiety and immune function [25-27]. 

These psychosocial measures were utilized as part of a music 
therapy intervention study in which 32 participants were 
randomized to the music therapy intervention and 32 randomized 
to an expressive reading arm; both groups received the same time 
and attention support. Other psychosocial measures evaluated as 
part of the initial study included coping style, social support, locus 
of control, and religiousness. We chose to evaluate optimism and 
anxiety due to their availability and evidence in the literature to 
support their relationship with transplant outcomes. 

Transplant Engraftment 

DTE was measured as the day post-transplant that the absolute 
neutrophil count (ANC) was >500/mm'' for &3 consecutive days, 
a clinically meaningful endpoint at which time the risk for serious 
bacterial or fungal infections starts to decrease [28]. 

Statistical Analysis 

Data are expressed as means ± SD for continuous variables and 
as the number (percentage) for categorical variables. DTE also 
included the range for each transplant type. Comparisons of 
patient characteristics for the transplant types were 2-sided and 
included the use of t-tests, chi-square, or Fisher's exact test, as 
appropriate to the data. P values of <.05 were considered to be 
statistically significant. Multiple regression analyses were conduct- 
ed using a general linear model program. The analyses were 
carried out separately for autologous and allogeneic transplants. 
The outcome DTE was analyzed by optimism and anxiety 
separately while controlling both demographic and clinical 
covariates of age, race, gender, conditioning regimen, stem cell 
source, and number of CD34"^ cells. T-tests assessed the differences 
for autologous and allogeneic transplants in optimism and anxiety 
overall as well as for those who filled out their survey by Day +3 
and those who did not. Analyses were additionally run for only 
those participants who filled out their survey by Day +3, effectively 
reducing any bias that knowledge of engraftment status might have 
on perceived anxiety or optimism. AU analyses were carried out 
using SAS/STAT software. Version 9.3 of the SAS System 
(Copyright ©July, 2011, SAS Institute Inc) on a Windows 7 
platform. 
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Results 

Patients' pre-transplant diagnoses included lymphomas (N = 27; 
42.19%), leukemias (N = 21; 32.81%), solid tumors (N = 2; 3.13%), 
multiple myeloma (N=10; 15.63%), and other hematologic 
disorders (4; 6.25%). Table 1 presents the baseline descriptive 
characteristics for the 64 patients (33 men, 31 women) participat- 
ing in the study. Reported optimism levels had a mean and SD of 
16.44 (5.38) and range of 4-24 while reported anxiety levels were 
38.44 (9.22) with a range of 24-59. There was no significant 
difierence in levels of anxiety or optimism between autologous and 
allogeneic recipients (p = 0.89 and p = 0.71, respectively). These 
traits were very highly negatively correlated (Pearson r= —0.70, 
p<0.0001). While the initial study was a randomized controlled 
trial evaluating the efficacy of music therapy, both treatment arms 
were an active intervention (music therapy vs. expressive reading), 
and there were no differences in psychosocial or other outcomes 
between groups. 

Greater optimism and less anxiety were significandy associated 
with fewer DTE among autologous HCT recipients; however, 
these psychosocial factors were not significandy associated with 
DTE when evaluating the more restricted sample of participants 
who filled out their surveys by Day +3 (Table 2). There was no 
significant association between optimism or anxiety and DTE 



Table 1. Participant characteristics, N = 64. 







Autologous (N = 33) 


Allogeneic (N = 31) 


p-value* 


Age at transplant, mean {SD} 


51.03 (10.53) 


42.77 (13.26) 


<0.008 


Race, N (%) 






0.078 


Caucasian 


31 (93.94) 


24 (77.42) 




Non-Caucasian 


2 (6.06) 


7 (22.58) 




Gender, N (%) 






0.321 


Female 


14 (42.42) 


17 (54.84) 




Male 


19 (57.58) 


14 (45.16) 




Conditioning regimen, N (%) 






<0.0001 


Myeloablatlve 


32 (96.97) 


15 (48.39) 




Non-Myeloablative** 


1 (3.03) 


16 (51.61) 




Stem cell source, N (%) 






0.002 


Bone Marrow 


0(0) 


8 (25.81) 




Sibling 




2 (25) 




MUD*** 




6 (75) 




Peripheral Blood 


33(100) 


23 (74.19) 




Sibling 




20 (86.96) 




MUD*** 




3 (13.0) 




Diagnosis 






<0.0001 


Lymphomas 


22 (66.67) 


5 (16.13) 




Leukemias 


0(0) 


21 (67.74) 




Other hematologic disorders 


0(0) 


4 (12.90) 




Solid tumors 


1 (3.03) 


1 (3.23) 




Multiple myeloma 


10 (30.30) 


0 (0) 




Number of CD34^ cells infused/kg of recipient body weight, mean (SD) 


4.40 (1 .68) 


3.73 (1.80) 


0.127 


Days to engraftment, mean (SD; range) 


13.48 (2.24; 6-18) 


18.00 (4.76; 11-30) 


<0.0001 



SD = Standard deviation. 

*Determined by t-test, chl-square, or Fisher's exact test, as appropriate to the data. 
**Non-myeloablative patient in autologous group may be a reporting error but unable to verify. 
***MUD = matched unrelated donor. 
doi:1 0.1 371 /journal.pone.0099778.t001 



among allogeneic recipients collectively (P=— 0.0059, p = 0.97; 
P=— 0.1446, p = 0.11, respectively) or for only those who filled 
out their surveys by Day +3 (P = -0.0994, p = 0.68; P = -0. 1866, 
p = 0.27, respectively). There were no significant differences for 
either autologous or allogeneic transplant recipients in scores on 
the anxiety or optimism measures when compared by time of 
survey completion (Table 3). 

Discussion 

We partially confirmed our hypothesis: greater optimism and 
less anxiety in the peri-transplant period were significandy 
associated with fewer DTE in autologous HCT recipients, 
although this relationship was no longer significant with the 
reduced sample size evaluating only subjects who completed their 
survey by Day +3. The effect remained similar, however, as 
indicated by the standardized estimates. Fewer DTE would be 
expected to result in a shorter period of extreme infectious 
susceptibility and increased survival. 

These results suggest one possible mechanistic explanation to 
the growing body of literature on the effects of psychosocial factors 
on HCT outcomes [4,8,9,29]; however, due to the nature of this 
study and our limited sample size, this is purely associational data 
that should prompt further exploration in larger, more homoge- 
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Table 2. Multivariate results of optimism or anxiety and covariates associated with days to neutrophil engraftment in autologous 
hematopoietic stem cell transplant recipients. 







All Participants (N = 31) 




Participants 


who filled out survey by Day +3 (Optimism N = 23; Anxiety N = 26) 


Estimate (p) 


SE 


P- value 


Estimate (p) 


SE 


P- value 


Optimism 


0 15 


0 06 


0.01 


-0.09 


Oil 


0 44 


Age 




0 03 


0.59 


0.04 


U.UD 




Race (Caucasian)* 


-0.33 


1.53 


0.83 


... 


_** 


_** 


Gender (Female)* 


1.12 


0.71 


0.12 


0.99 


1.26 


0.45 


Conditioning regimen 


-2.19 


1.60 


0.18 


-2.32 


2.88 


0.43 


CD34+ cells infused 


-0.14 


0.19 


0.48 


-0.12 


0.35 


0.74 


Anxiety 


0.08 


0.04 


0.02 


0.07 


0.06 


0.27 


Age 


0.04 


0.03 


0.26 


0.04 


0.06 


0.46 


Race (Caucasian)* 


-0.58 


1.64 


0.73 


-0.82 


2.80 


0.77 


Gender (Female)* 


0.91 


0.72 


0.21 


0.41 


1.14 


0.72 


Conditioning regimen 


-2.87 


1.56 


0.07 


-2.28 


2.62 


0.40 


CD34* cells infused 


-0.09 


0.19 


0.64 


-0.12 


0.32 


0.71 



*Category coded 1 (vs. 0) indicated in parentheses. 

**AII participants were white. 

doi:l 0.1 371 /journa!.pone.0099778.t002 



neou.s samples. Longer DTE may be an early event in the 
dysregulated immunological cascade predisposing psychosocially- 
imparred transplant recipients to higher levels of morbidity and 
mortality. The exact mechanism linking psychological factors and 
neutropenia remains to be elucidated and is likely not straightfor- 
ward. Acute stress and inflammatory cytokines can actually induce 
early mobilization of neutrophils [30,3 1] , though this effect may be 
enhanced or impaired pending exposure to different sex hormones 
[32]. Also in support of the adverse effects of psychological stress, 
catecholamines decrease function and phagocytic capabilities of 
neutrophils [33,34]; therefore, it may be necessary to measure 
function and not simply absolute neutrophil numbers in future 
studies. Finally, diHerences in effect on neutrophils between acute 
and chronic psychosocial states will need to be evaluated when 
elucidating this mechanism. 

We did not observe significant findings with allogeneic 
transplant patients; we suggest that the additional significant 
physiological burdens involved in their treatment might diminish 
the impact of psychosocial factors on DTE for this group. Another 
possibility is that the psychosocial effect may be somehow 



imprinted on the transplanted cells themselves, preventing the 
observation of this effect when the donor psychosocial status is 
unknown, as occurs in this study with allogeneic transplantation. 
Finally, allogeneic recipients take immunosuppressive agents to 
mitigate graft versus host disease; these may also mask the 
relationship between psychosocial factors and immune outcomes. 

Our results are consistent with prior work demonstrating an 
impact of anxiety on immune recovery post-transplant [7]. We 
extended this previous work by investigating the relationship 
among allogeneic recipients and also examining optimism as an 
additional psychosocial factor of importance. Our assessment of 
immune recovery was slightly different; MgGregor et al [7] 
evaluated WBC counts over days 5-22, while we looked at the 
more specific WBC subset of interest during immediate immune 
recovery - neutrophils - and evaluated an endpoint used in 
clinical practice - DTE. In the only previous study evaluating 
optimism and transplant outcome, pre-transplant optimism 
predicted better survival in the first two months post-HCT, but 
not at six months [6] . Our results provide one explanation for the 



Table 3. Anxiety and optimism scores by type of transplant and as a function of time of survey completion. 



All Participants 




Autologous 




Allogeneic* 




Autologous (N = 33) 


Allogeneic (N = 31) 


Participants who 
filled out survey ^ 
Day +3 


Participants who 
filled out survey > 
Day +3 


Participants who 
filled out survey < 
Day +3 


Participants who 
filled out survey > 
Day +3 


Anxiety Score (SD) 38.60(8.51) 


38.25 (10.24) 


38.85 (8.47) 


37.00 (9.90) 


38.81 (10.17) 


38.50 (10.47) 


N = 30 


N = 24 


N = 26 


N=4 


N = 16 


N=4 






p = 0.69 




p = 0.96 




Optimism Score (SD) 16.18(5.53) 


16.73 (5.30) 


15.65 (5.40) 


18.60 (6.11) 


16.06 (5.25) 


16.20 (6.02) 


N = 28 


N = 26 


N = 23 


N=5 


N=17 


N = 5 






p = 0.29 




p = 0.96 





*Differences in N reflect missing date of survey completion. 
doi:l 0.1 371/journal.pone.0099778.t003 
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dissipation of this effect on surxdval over time, as neutrophil 
engraftment is a more proximal event. 

There are some significant limitations to our study. We 
investigated a very heterogeneous group (i.e., diagnoses, basehne 
levels of illness and supportive care); future analyses should either 
be powered to control for these differences or examine a more 
homogeneous group. Our most significant limitation is the 
variability in timing of when the baseline surveys were completed, 
which when restricted to those who filled out their surveys by the 
time of engraftment resulted in psychosocial factors and DTE not 
being significandy associated. This could mean that in fact 
knowledge of engraftment influenced optimism and anxiety; 
however, there are three reasons why this knowledge may not 
have significantly influenced anxiety or optimism in our study. 
First, we evaluated trait and not state anxiety, with studies 
demonstrating substantial stability of both the short- (20-100 days) 
and long-term (years) STAI-T measure [35]. The LOT-R also 
tends to evaluate dispositional or "trait" optimism [36]. Traits are 
less subject to influence by a discrete event. Second, none of the 
anxiety or optimism scores between or among autologous and 
allogeneic recipients were significantly different as a function of 
time of survey completion, albeit we did have a small sample 
within which to detect a difference. Third, there are a multitude of 
other physical and medical factors and comphcations that could 
also have arisen during that time period to reasonably affect 
psychosocial status. Alternatively, it is possible that with a 
restricted sample size we simply lost power to detect significance; 
this may be the case given that our results were similar in direction 
and size while no longer significant. Our findings therefore should 



be considered preliminary and should be replicated in a larger 
sample with more consistent timing of the baseline survey before 
more definitive conclusions may be drawn. 

In conclusion, our findings suggest that optimism and anxiety 
may be associated with time to neutrophil recovery in autologous 
stem cell transplant patients, though this relationship was no 
longer significant with the reduced sample size evaluating subjects 
completing their psychosocial surveys by Day +3, with more 
favorable peri-transplant psychosocial factors associated with 
shorter time to neutrophil recovery. Further research is needed 
with larger and more homogeneous cohorts of HCT patients with 
consistent baseline sampling to investigate the impact of psycho- 
social factors on DTE and other immunologic transplant sequelae 
with the goal of improving outcomes in this physically and 
psychologically stressed population. 

Acknowledgments 

This work was previously presented in part at the Academy of 
Psychosomatic Medicine 57^^ Annual Meeting, Marco Island, FL, 
November 13, 2010 and at the American Psychosomatic Society 69^ 
Annual Meeting, San Antonio, TX, March 13, 2011. 

Author Contributions 

Conceived and designed the experiments: BCH LH ROO DG JLL OJZS. 
Performed the experiments: BCH ROO DG JLL OJZS. Analyzed the 
data: JMK JAM JML YX XT SM. Contributed reagents/materials/ 
analysis tools: JLL. Wrote the paper: JMK JAM JML YX XT SM OJZS, 



References 

1. Rcichc EM, Nuncs SO, Morimoto HK (2004) Stress, depression, the immune 
system, and eancer. Lancet Oncol 5: 617-625. 

2. Antoni MH, Lutgendorf SK, Cole SW, Dhabhar FS, Sephton SE, ct al. (2006) 
The influence of bio-behavioural factors on tumour biology: Pathways and 
mechanisms. Nat Rev Cancer 6: 240-248. 

3. Thaker PH, Sood AK (2008) Neuroendocrine influences on cancer biology. 
Semin Cancer Biol 18: 164-170. 

4. Hoodin F, Uberti JP, Lynch TJ, Steele P, Ratanatharathorn V (2006) Do 
negative or positive emotions differentially impact mortality after adult stem cell 
transplant? Bone Marrow Transplant 38: 255—264. 

5. Gregurek R, Labar B, Mrsie M, Batinic D, Ladika I, et al. (1996) Anxiety as a 
possible predictor of acute GVHD. Bone Marrow Transplant 18: 585. 

6. Lee SJ, Loberiza FR, Rizzo JD, SoUfcr RJ, Antin JH, et al. (2003) Optimistic 
expectations and survival after hematopoietic stem cell transplantation. Biol 
Blood Marrow Transplant 9: 389-396. 

7. McGregor BA, Syrjala KL, Dolan ED, Langcr SL, Redman M (2012) The effect 
of pre~transplant distress on immune reconstitution among adult autologous 
hematopoietic ceU transplantation patients. Brain Behav Immun 30: S 142— SI 48. 

8. Costanzo ES, Juckett MB, Coe CL (2012) Biobehavioral influences on recovery 
following hematopoietic stem cell transplantation. Brain Behav Immun 30: S68- 
S74. 

9. Knight JM, Lyness JM, Sahler OJZ, Liesveld JL, Moynihan JA (201.3) 
Psychosocial factors and hematopoietic stem cell transplantation: Potential 
biobehavioral pathways. Psychoneuroendoerinology 38: 2383-2393. 

10. Pasquini MC WZ (2012) Current use and outcome of hematopoietic stem cell 
transplantation. CIBMTR Summary Slides. Available at: http://www.cibmtr. 
org. 

11. Norkin M, Hsu JW, WingardJR (2012) Quality of life, social chaUenges, and 
psychosocial support for long-term survivors after allogeneic hematopoietic 
stem-cell transplantation. Semin Hematol 49: 104—109. 

12. Hochhausen N, Altmaier EM, McQuellon R, Davies SM, Papadopolous E, ct al. 
(2007) Social support, optimism, and self-efficacy predict physical and emotional 
well-being after bone marrow transplantation. J Psychosoc Oncol 25: 87-101. 

13. Andrykowski MA, Brady MJ, Hcnslee-Downcy PJ (1994) Psychosocial factors 
predictive of survival after aUogcneic bone marrow transplantation for leukemia. 
Psychosom Med 56: 432-439. 

14. Jenkins PL, Lester H, Alexander J, Whittaker J (1994) A prospective study of 
psychosocial morbidity in adult bone marrow transplant recipients- Psychoso- 
matics 35: 361—367. 

15. Chang G, Orav EJ, Tong M, Antin JH (2004) Predictors of 1-year survival 
assessed at the time of bone marrow transplantation. Psychosomatics: Journal of 
Consultation Liaison Psychiatry 45: 378—385. 



16. Mouthon MA, Van der Mceren A, Gauglcr MH, Visscr TP, Squiban C, et al. 
(1999) Thrombopoietin promotes hematopoietic recovery and survival after 
high-dose whole body irradiation. International Journal of Radiation Oncology* 
Biology* Physics 43: 867-875. 

17. Saito T, Kanda Y, Nakai K, Kim SW, Arima F, ct al. (2003) Immune 
reconstitution following reduced-intensity transplantation with cladribine, 
busulfan, and antithymocyte globulin: Serial comparison with conventional 
myeloablative transplantation. Bone Marrow Transplant 32: 601-608. 

18. Bensinger WI, Storb R (2001) Allogeneic peripheral blood stem cell 
transplantation. Rev Clin Exp Hematol 5: 67—86. 

19. Scheier MF, Carver CS, Bridges MW (1994) Distinguishing optimism from 
neuroticism (and trait anxiety, self-mastery, and seli'-esteem): A reevaluation of 
the life orientation test. J Pers Soc Psychol 67: 1063—1078. 

20. Spielberger CD (1989) State-trait anxiety inventory: A comprehensive 
bibliogi'aphy. Palo Alto, CA: Consulting Psychologists Press. 

21. Afsar FS, Isleten F, Sonmez N (2010) Children with atopic dermatitis do not 
have more anxiety or dUfcrent Cortisol levels compared with normal children. 
J Cutan Med Surg 14: 13-18. 

22. Hashizume H, Horibe T, Ohshima A, Ito T, Yagi H, et al. (2005) Anxiety 
accelerates T-helper 2-tiltcd immune responses in patients with atopic 
dermatitis. Br J Dermatol 152: 1161-1164. 

23. Katsuura S, Kamezaki Y, Yamagishi N, Kuwano Y, Nishida K, et al. (2011) 
Circulating vascular endothelial growth factor is independently and negatively 
associated with trait anxiety and depressive mood in healthy Japanese university 
students. IntJ Psychophysiol 81: 38^3. 

24. Salome N, Tasiemski A, Dutriez I, Wigger A, Landgraf R, et al. (2008) Immune 
challenge induces differential cortieosterone and inteiieukin-6 responsiveness in 
rats bred for extremes in anxiety-related behavior. Neuroscicncc 151: 1112— 
1118. 

25. Elsenbruch S, Lucas A, Holtmann G, Haag S, Gerken G, et al. (2006) Public 
speaking stress-induced neuroendocrine responses and ciixulating immune ceU 
redistribution in irritable bowel syndrome. AmJ Gastroenterol 101: 2300-2307. 

26. Lekandcr M, Furst CJ, Rotstein S, Blomgren H, Fredrikson M (1995) 
Anticipatory immune changes in women treated with chemotherapy for ovarian 
cancer. IntJ Behav Med 2: 1-12. 

27. Matzner P, Hazut O, Naim R, Shaashua L, Sorski L, ct al. (2013) ResiUence of 
the immune system in healthy young students to 30-hour sleep deprivation with 
psychological stress. Neuroimmunomodulation 20: 194—204. 

28. Trigg ME (2002) Post-transplant immune recovery and the implication for 
mfeetion risk. IntJ Hematol 76: 199-205. 

29. Hoodin F, Weber S (2003) A systematic review of psychosocial factors aflecting 
survival after bone marrow transplantation. Psychosomatics 44: 181—195. 



PLCS ONE I www.plosone.org 



5 



June 2014 | Volume 9 | Issue 6 | e99778 



Psychosocial Factors and Neutrophil Recovery following HCT 



30. Dhabhar FS, Malarkcy WB, Ncri E, McEwen BS (2012) Stress- induced 
redistribution of immune cells — from barracks to boulevards to batdefields: A 
tale of three hormones — curt richter award winner. Psychoneuroendocrinology 
37: 1345-1368. 

31. Cccilio CA, Costa EH, Ucelli P, Chaves CA, Toflbli MC, et al. (1997) The 
neutrophil migration induced by tumour necrosis factor alpha in mice is 
unaffected by glucocorticoids. Mediators Inflamm 6: 46—52. 

32. Barker LA, Dazin PF, Lcvinc JD, Green PC (2005) Sympatho adrenal-dependent 
sexually dimorphic elfect of nonhabituatiug stress on in vivo neutrophil 
recruitment in the rat. Br J Pharmacol 145: 872-879. 



33. Kaufmann I, Eisner C, Richter P, Huge V, Beyer A, et al. (2007) 
Psychoneurocndocrine stress response may impair neutrophil flinction in 
complex regional pain syndrome. Clin Immunol 125: 103—111. 

34. Trabold B, Gruber M, Frohlich D (2007) Functional and phcnotypic changes in 
polymorphonuclear neutrophils induced by catecholamines. Scand Cardiovasc J 
41: 59-64. 

35. Watson D, Walker LM (1996) The long-term stability and predictive validity of 
trait measures of affect. J Pers Soe Psychol 70: 567—577. 

36. Burke KL, Joyner AB, Czech DR, Wilson MJ (2000) An investigation of 
concurrent vahdity between two optimism/pessimism questionnaires: The Hfe 
orientation test-revised and the optimism/pessimism scale. Current Psychology 
19: 129-136. 



PLOS ONE I www.plosone.org 



6 



June 2014 | Volume 9 | Issue 6 | e99778 



